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ABSTRACT 


The  eombinatiori  of  a  Coanda  inlet  and  jet  flap  diffusion 
for  the  achievement  of  high  performance#  low  volume#  thrust 
augmentation#  has  been  investigated  in  a  two-dimensional 
experiment. 

The  Coanda/JFD  Ejector  has  demonstrated  a  performance 
superiority  equivalent  to  at  least  10%  in  thrust  per  horse¬ 
power#  with  a  volume  of  approximately  25%  of  the  volume  of 
the  solid  diffuser  ejector  with  conventional  inlet  reported 
in  Reierence  3. 

The  use  of  jet  flap  diffusion  also  provides  a  mechanism 
for  the  achievement  of  large  control  forces#  through  the 
use  of  variable  jet  flap  angles,  or  through  the  application 
of  incremental  power  to  the  jet  flaps. 

Vectoring  of  the  total  thrust  force  is  achievable 
through  the  use  of  the  fluidic  effect#  which  can.  be  utilized 
to  detach  the  flow  from  one  side  of  the  jet  flap,  by 
decreasing  the  plenum  pressure  of  that  side,  relative  to 
the  plenum  pressure  of  the  other  side,  or  by  differential 
operation  of  the  jet  flaps. 
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SECTION  I 


INTRODUCTION 

The  Coanda/JFD  Ejector,  is  a  very  compact,  high 
performance  device,  capable  of  producing  superior  thrust 
augmentation,  compared  to  that  of  the  highest  performance 
solid  diffuser,  conventional  inlet  ejectors  known. 

The  inlet,  which  is  comprised  of  two  opposed,  two- 
dimensional  nozzles,  utilizes  the  Coanda  Effect,  to  rotate 
the  efflux  from  these  nozzles  through  ninety  degrees,  into 
the  thrust  plane. 

During  this  rotation,  the  primary  fluid  mixes  with  the 
ambient  air,  thereby  eliminating  the  requirement  for 
additional  mixing  length  in  the  ejector  duct. 

The  Coanda  turning  produces  a  velocity  distribution 
at  the  ejector  inlet  which  assists  in  delaying  separation 
in  the  solid  diffuser  (which  is  located  at  the  ejector's 
entrance),  thereby  making  it  possible  to  use  short,  wide 
angle  solid  diffusers. 

The  jet  flap  orifice  at  the  downstream  end  of  the 
solid  diffuser  also  provides  a  mechanism  for  delaying 
separation  in  the  solid  diffuser,  and  when  properly 
designed,  provides  a  mechanism  for  achieving  additional 
diffusion  of  the  core  flow,  without  solid  surfaces. 

These  effects,  in  combination,  result  in  an  ejector 
having  a  volume  which  is  only  25%  of  the  volume,  and 
performance  which  is  at  least  10%  highor,  in  terms  of 
thrust  per  horsepower,  than  that  of  the  conventional 
ejector  reported  in  Reference  3. 

The  jet  flap  diffusion  process  also  provides  a  means 
for  achievement  of  large  control  forces  at  constant  power, 
by  increase  of  the  jet  flap  angle,  or  with  power  increment 
applied  to  the  jet  flap. 

The  total  thrust  force  can  be  directionally  controlled, 
without  vanes  in  the  ejector  efflux,  by  means  of  the  "fluidic" 
effect,  which  requires  only  a  differential  change  in  the  jet 
flap  plenum  pressure,  or  in  the  jet  flap  angle. 
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SECTION  II 


SUMMARY 

The  Coanda/JFD  Ejector,  whose  configuration  and 
performance  are  described  in  this  document,  was  developed 
in  three  phases. 

In  the  first  phase,  emphasis  was  placed  only  upon  the 
inlet,  which  consisted  of  two  primary  nozzles,  ejecting 
fluid  in  exactly  opposite  directions.  These  jet  sheets 
were  rotated  through  ninety  degrees  by  a  pair  of  Coanda 
surfaces  which  were  slotted  to  permit  the  induction  of 
additional  air  mass.  The  optimization  of  these  Coanda 
inlet  surfaces,  for  maximization  of  the  total  thrust,  was 
performed  without  consideration  of  the  effect  of  diffusion, 
and  is  reported  upon  in  Reference  1. 

During  the  second  phase,  both  solid  and  jet  flap 
diffusers  were  added  to  the  inlet,  to  determine  the 
overall  performance  of  the  system.  In  addition,  a  theory 
was  developed  to  predict  the  performance  of  a  jet  flap 
diffuser  ejector.  Comparison  of  the  measured  performance 
with  the  theory,  indicated  large  discrepancies,  and  invest¬ 
igation  of  the  flow  field  indicated  serious  degradation 
of  the  performance  as  a  result  of  an  interference  between 
the  core  flow  and  the  jet  flap  flow.  If  the  jet  flap  diff¬ 
user  were  to  perform  as  desired,  it  was  shown  to  be  essential 
that  the  core  flow  have  a  uniform  velocity  distribution  at 
the  jet  flap  exit  slot  cross-section.  This  investigation 
is  reported  upon  ir,  Reference  2. 

Recognition  of  the  necessity  for  avoiding  the  presence 
of  low  energy  regions  near  the  walls,  at  the  jet  flap  exit 
cross-section,  and  the  desirability  of  some  solid  diffusion, 
to  achieve  maximum  performance  with  minimal  ejector  size, 
encouraged  the  initiation  of  the  third  phase,  which  is 
reported  upon  in  the  present  document. 

Since  the  critical  region  at  the  jet  flap  slot  is 
strongly  influenced  by  the  diffuser  boundary  layer,  and 
by  the  slots  at  the  inlet,  the  third  phase  investigation 
was  launched  to  determine  whether  the  overall  performance 
would  be  seriously  affected  by  closure  of  the  slots  and 
whether  solid  diffusers  could  be  utilized  without  adverse 
effects  upon  the  performance  of  the  jet  flap  diffuser. 

As  a  result  of  these  investigations,  it  was  learned 
that  closure  of  the  slots,  and  thereby  removal  of  the 
region  of  low  energy  fluid  at  the  wall,  made  it  possible 
to  utilize  short,  wide  angle  solid  diffusers,  since  the 
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problem  of  separation  in  the  diffuser  was  somewhat  delayed 
by  the  presence  of  the  high  energy  fluid  at  the  wall,  which 
emanated  from  the  primary  jet  and  remained  near  the  wall 
as  a  result  of  the  Coanda  turning.  In  addition,  the  mixing; 
of  the  primary  and  induced  flows  occurred  during  the  Coanda 
turning,  and  the  flow  at  the  entrance  to  the  ejector  was 
already  completely  mixed,  thus  eliminating  the  requirement 
for  long  mixing  lengths  in  the  ejector. 

Utilization  of  these  phenomena,  produced  an  ejector 
of  remarkably  small  size  and  high  performance.  The  overall 
geometry  and  performance  are  presented  in  Table  I,  and 
compared  with  other  high  performance,  solid  diffuser  ejectors. 

TABLE  I 

OVERALL  EJECTOR  GEOMETRIES 
AND 

PERFORMANCE 


EJECTOR 

\ax(1) 

Ajet 

LENGTH 

RATIO 

(2) 

Thrust  x  Vj 
Power 

Coanda/JFD 

9 

3.5 

3.87 

Fancher  (Ref. 3) 

38 

5.1 

3.56 

Drummond  (Ref. 4) 

28.5 

7.0 

2.60 

Scott  (Ref. 5) 

43.0 

7.0 

3.12 

(1)  Diffuser  exit  area/total  jet  area 

(2)  Overall  length/minimum  channel  width 

The  performance  comparison  presented  in  the  last 
column  of  Table  I,  represents  the  published  data  for  the 
solid  diffuser  devices,  but  the  comparison  is  weighted 
in  their  favor  since,  as  shown  in  Section  VI,  the  Coanda/ 
JFD  Ejector  used  for  comparison,  has  smaller  inlet  and 
diffuser  area  ratios  than  those  of  the  solid  diffuser 
ejectors.  Despite  these  limitations,  the  C'oanda/JFD 
Ejector  demonstrated  superior  performance. 

To  permit  easier  visualization  of  the  comparative 
size  of  the  two  types  of  ejectors,  the  Coanda/JFD  Ejector 
was  scaled  up,  to  the  identical  power  utilization  as  that 
of  the  Fancher  Ejector,  and  schematically  compared  on 
Figure  1. 
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The  large  reduction  of  ejector  volume,  attributable 
to  the  Coanda  inlet  and  to  jet  flap  diffusion,  ars  readily 
observable  on  Figure  1.  As  a  result  of  the  reduced  size  of 
the  ejector  {and  therefore  reduced  skin  friction) ,  the 
overall  performance  has  been  greatly  improved. 

In  addition,  the  use  of  jet  flap  diffusion  provides 
a  flexibility  which  is  useful  in  the  achievement  of  large 
control  forces. 

A  symmetrical  change  of  the  flap  angle,  can  produce 
changes  in  the  total  thrust  of  ten  percent,  without  an 
accompanying  change  in  power  requirement,  or  with  an 
increment  of  power,  the  thrust  force  can  be  changed  by 
approximately  two  to  four  times  that  which  can  be  achieved 
by  a  solid  diffuser  ejector  (or  by  an  unaugmented  jet) , 
without  geometrical  changes. 

As  a  result  of  the  M fluidic"  effect  the  total  thrust 
force  can  be  vectored,  without  the  requirement  for  vanes 
in  the  ejector  or  jet  efflux,  or  without  gimballing  of  the 
thrustor. 
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SECTION  III 


APPARATUS 


1.  EJECTOR  RIG 

A  schematic  of  the  ejector  rig  is  presented  on 
Figure  2,  with  the  major  components  labeled.  The  ejector 
geometry  is  quasi-two-dimensional,  with  a  basic  channel 
width  of  two  inches,  and  end  plates  separated  by  eighteen 
inches.  Boundary  layer  control  jets  are  used  on  each  end 
plate  to  compensate  for  the  end  plate  friction. 

The  major  components  of  the  ejector  rig  are  described 
in  detail  below. 

a.  Primary  Nozzles 

The  location  of  the  primary  nozzles  relative  to  the 
ejector  channel  is  illustrated  on  Figure  3.  The  slot  width 
a/2,  was  maintained  at  l/16th  inth  during  all  tests  with  the 
jet  flap  diffuser 

b.  Coanda  Turning  Vanes 

The  slotted  Coanda  Vanes  used  as  the  fr'Asic  turning 
mechanism  at  the  inlet  of  the  ejector  are  illustrated 
on  Figure  3,  and  the  nomenclature  for  the  slots  and  other 
geometrical  parameters  is  also  described  on  this  figure. 

c.  Solid  Diffuser 

The  solid  diffuser  was  formed  by  sealing  Slot  No.  4 
as  illustrated  by  the  dashed  line  of  Figure  3. 

d.  Jet  Flap  Diffuser 

The  Jet  Flap  Diffuser  position  and  geometry  are  also 
illustrated  on  Figure  3.  The  jet  flap  slot  width  s/2,  was 
varied  from  l/16th  to  3/16ths  of  an  inch  to  obtain  data 
at  s/a«1.0  and  3.0.  This  was  done  by  variation  of  the 
thickness  of  the  spacer  between  the  jet  flap  plenum  and 
the  outer  lip.  The  jets  are  emitted  tangentially  to  the 
cylindrical  plenums  and  are  rotated  by  the  Coanda  Effect 
until  they  are  prevented  from  further  rotation  by  the 
flaps . 

e.  Boundary  Layer  Control 

Blowing  jets  were  installed  in  the  position  shown 
on  Figure  3,  to  compensate  for  the  end  plate  friction  and 
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to  permit  measurement  of  the  total  thrust  at  the  rake 
station,  thirty  three  inches  downstream  of  the  jet  flap 
nozzles,  without  penalty  for  the  end  plate  skin  friction. 

To  produce  a  fairly  uniform  flow  at  the  rake  station, 
it  was  found  necessary  to  supply  air  at  the  boundary 
layer  control  orifice  having  mass  flows  varying  from  5%  of 
the  total  mass  flow,  at  high  values  of  E,  to  as  much  as  15% 
of  the  total  mass  flow  at  small  values  of  E.  This  mass  flow 
was  not  taken  into  account  in  the  performance  of  the  device 
since  it  was  not  required  for  the  operation  of  the  ejector, 
and  was  used  merely  as  a  convenient  means  to  correct  for  the 
skin  friction  on  the  end  plates  downstream  of  the  diffuser 
jets  (see  Fig.  2). 

2 .  AIR  SUPPLY 

The  system  air  was  supplied  by  a  Roots-Connersville 
Model  RAS  60,  50  h.p.  compressor,  having  a  volume  flow 
rate  of  1500  cfm  @  7  inches  of  Mercury  gauge  pressure.  A 
schematic  of  the  air  supply  system  is  presented  on  Figure  4, 
with  its  major  components  identified. 

The  mass  flow  to  the  primary  nozzles  was  controlled  by 
valves  in  each  leg,  and  measured  with  standard  3.0  in. 
orifice  plates  as  illustrated  on  Figure  4. 

The  mass  flow  to  the  jet  flap  diffuser  nozzles  was 
also  controlled  by  valves  in  each  leg,  and  measured  with 
standard  2.19  in.  orifice  plates  as  illustrated  on  Figure  4. 

The  dump  line  was  used  to  control  the  system  pressure, 
by  means  of  a  valve,  as  shown  on  Figure  4.  The  mass  flow 
through  this  line  was  measured  with  a  standard  2.182  in. 
orifice  plate. 

3 .  INSTRUMENTATION 

The  measurement  of  pressure  across  the  orifice  plates 
and  in-  the  plenum  of  each  nozzle  was  made  with  manometers, 
and  the  mass  flow  in  each  leg  of  the  system  was  then 
determined  from  the  orifice  pressure  drop  as  described  in 
Section  IV. 

The  total  thrust  of  the  ejector  was  determined  from 
a  total  head  survey  at  a  position  33  inches  downstream  of 
the  jet  flap  nozzles,  with  a  37  tube  averaging,  total  head 
rake,  which  was  moved  across  the  flow  with  a  parallelogram 
leadscrew  traversing  mechanism.  The  pressure  at  this  station 
was  measured  by  an  inclined  oil  manometer,  connected  to  the 
rake  through  a  large  settli  ig  chamber. 
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Coanda  Turning  Vanes 


Figure  2.  Schematic  of  Ejector  Rig  (not  to  scale) 


Figure  3.  Schematic  of  Coanda/JFD  Ejector 


SECTION  IV 


TEST  PROCEDURES 


To  determine  the  ejector  performance ,  it  is  essential 
to  know  the  performance  of  the  input  jets,  and  the  total 
output  of  the  ejector.  Therefore,  the  mass  flew,  temperature 
and  pressure  at  the  nozzle  entrance  and  smd  at  the 

ejector  exit  were  measured.  This  information  was  then  used 
to  determine  the  thrust  and  power  of  each,  iwzzle,  and  the 
total  thrust  output  of  the  ejector  as  fallows. 

The  thrust  of  a  nozzle  is  equal  to  its  mass  flow  m, 
multiplied  by  its  average  exit  velocity, 

F  “  m  x  V  (1) 

The  mass  flow  through  each  nozzle  was  determined  with 
the  aid  of  the  standard  orifices  located  in  the  duct 
supplying  that  nosrale  from  the  relationship. 


where  p  ■  static  pressure  (psia) 

T  »  temperature  (deg.  R) 

K  *  orifice  calibration  constant  (K^.029,  Kg". 0175) 


The  average  exit  velocity  of  each  nozzle  was  determined 
from  a  calibration  of  the  jet  flow,  to  correct  for  the 
viscous  effects  of  the  nozzle  walls  and  the  spacers  used 
to  maintain  structural  integrity  of  the  slot  width.  Surveys 
at  the  nozzle  exit  to  determine  the  distribution  of 
stagnation  pressure  were  used  to  determine  the  nozzle 
efficiency  ^  ,  where, 

i  r/fp'  -  p]  dy  dz 

„  „(-l  ,  ■JUIs. - i -  (3) 

(  A  Id  -  n\ 


where  pQ  “  plenum  pressure 

p£  «  tofcal  pressure  measured  by  survey 

A  «  nozzle  exit  area 

y  =  coordinate  across  slot  width* 

z  *»  coordinate  along  slot  length 
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The  nozzle  efficiencies  determined  in  this  manner,  had 
the  following  values: 

Nozzle  Efficiency 

Primary  (1/lSth  in  slot)  0.971 

Diffuser  (l/16th  in.  slot)  0.965 

Diffuser  (3,16th  in.  slot)  0.767 


Then_knowing  the  nozzle  efficiencies,  the  average  exit 
velocity  V,  could  be  determined  from  the  pressure  drop  and 
stagnation  pressure  and  temperature  from  the  expression. 


which  derives  from  compressible  flow  theory,  and  the  defin¬ 
ition  of  nozzle  efficiency. 


The  nozzle  thrust  is  then  determined  from  Equation  1. 

Since  the  rake  survey  was  made  at  a  large  distance 
downstream  from  the  nozzle  exits,  the  flow  at  the  survey 
plane  was  at  a  sufficiently  low  Mach  No.  to  permit  use  of 
incompressible  theory  without  the  introduction  of  a 
significant  error.  Therefore  the  thrust  was  determined  from 
the  equation 

+ofl  Vi 

Ft  "  2J J  (po  ~  dy  dz  (5) 


where  the  integral  with  respect  to  y  was  accomplished  by 
the  averaging  rake,  and  the  integral  with  respect  to  z  was 
performed  by  numerical  integration  of  the  survey  data. 

These  quantities,  together  with  the  geometrical 
parameters,  are  then  used  to  determine  the  performance  of 
the  ejector  in  terms  of  the  parameters  described  in  the 
next  section. 
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SECTION  V 


TEST  RESULTS 

Since  the  C/JFD  Ejector  utilizes  two  sources 
of  energy  (primary  jet  and  diffuser  jet) ,  which  in  general 
have  different  stagnation  pressures  and  temperatures ,  a 
description  of  its  performance  requires  the  use  of  more 
complex  parameters  than  those  utilized  for  reporting  the 
performance  of  conventional  ejectors. 

In  addition,  to  provide  a  basis  for 

a.  Optimization  of  the  system 

b.  Comparison  of  the  system  with  other,  more 
conventional  ejector  systems,  and, 

c.  Utilization  of  the  reported  per  form, ance  in 
practical  vehicle  designs;  it  appears  desirable  to  use 
three  distinctly  different  parameters  to  describe  the  overall 
performance  of  the  system.  These  parameters  are  briefly 
defined  below  and  discussed  in  more  detail  in  Section  VI 

and  in  Appendix  I. 

1.  PERFORMANCE  PARAMETERS 

An  important  goal  of  any  propulsion  system  is  to 
achieve  the  maximum  thrust  available  from  a  given  rate  of 
fuel  consumption.  Other  factors  ouch  as  controllability 
thrust/weight  ratio,  size  etc.,  are  also  to  be  considered  in 
the  selection  of  a  propulsion  system  but  these  considerations 
are  beyond  the  scope  of  the  present  report  and  will  be 
discussed  only  briefly  in  Section  VI. 

For  purposes  of  this  document,  the  optimal  system 
is  considered  to  be  that  configuration  which  produces  a 
maximum  thrust  per  unit  power  input  to  the  system. 

Since  thrust/power  is  related  to  the  thermodynamic 
scale  of  the  device  or  more  precisely,  to  the  stagnation 
conditions  in  the  driving  jets,  it  is  more  appropriate  to 
describe  its  performance  in  terms  of  a  non-dimensional  parameter 
which  is  independent  of  its  size  and  power  level. 

a.  Optimization  parameter  ( SL ) 

The  ratio  of  thrust/power  can  be  made  non-dimensional 
by  multiplication  by  a  velocity,  and  in  the  interest  of 
simplicity,  the  particular  system  velocity  used  was  the 
average  primary  jet  velocity  V. ..  Further  discussion  of  this 
choice  is  presented  in  Appendix3!,  but  for  purposes  of  discus¬ 
sion  of  the  test  relults  here,  the  parameter  is  defined  as 
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(6) 


m  Total  Thrust  X  Primary  Jet  Velocity _ 

Total  Power  Required 

and  plots  of/Vvs.  E#  where 

E  «  ^2/{El  +  E2) 

is  the  ratio  of  diffuser  jet  power  to  the  total  power 
required  by  the  ejector#  are  utilized  to  indicate  the 
effect  of  the  various  geometrical  or  configurational 
changes  as  well  as  the  influence  of  changes  in  diffuser 
jet  power. 

To  permit  comparison  of  the  C/JFD  Ejector  with  other 
types  of  ejectors,  whose  performance  is  generally  reported 
in  terms  of  thrust  augmentation#  the  performance  of  the 
C/JFD  Ejector  is  also  presented  in  terms  of  two  different 
thrust  augmentation  parameters  defined  as  follows. 

b.)  Fixed  mass  flow  thrust  augmentation  (0m) 

Comparison  of  the  C/JFD  Ejector's  thrust  output 
with  the  thrust  output  of  a  free  jet  which  has  the  same 
mass  flow  and  power  requirement  as  the  ejector  jets  provides 
a  parameter  0  ,  which  is  useful  for  determination  of  the 
C/JFD  Ejectorperformance  when  the  source  of  power  is 
comprised  of  a  single  gas  generator  having  one  uniform 
stagnation  pressure,  supplying  the  energized  driving 
fluid  to  both  the  primary  and  the  diffuser  jets.  The 
nozzle  exit  area  of  this  free  jet  is  related  to  the  exit 
areas  of  the  ejector  jets  s  and  a,  through  a  relationship 
involving  the  stagnation  pressures  of  the  various  jets  and 
other  ejector  parameters.  These  relationships  are  discussed 
in  Appendix  I  in  some,  detail#  but  for  purposes  of  discussion 
of  the  test  results  here,  the  parameter  0  is  defined  simply  as 


0 


m 


S3 


Total  Ejector  Thrust _  (8) 

Thrust  of  free  jet  with  same  mass  flow  and  power 


To  permit  comparison  of  the  C/JFD  Ejectors  performance 
with  that  of  a  gas  generator  whose  nozzle  exit  area  has 
a  fixed  relationship  to  those  of  the  ejector's  jets#  a 
third  parameter  0  was  developed.  This  parameter  is 
described  brief ly^oelow. 

c.  Fixed  nozzle  exit  area  thrust  augmentation  (0  ) 

*r 

This  parameter  0  #  describes  the  thrust  output  of  a 
C/JFD  Ejector  relative  to  that  of  a  jet  whgse  nozzle  exit  area 
is  equal  to  that  of  the  ejector's  primary  jet  (a),  and 
whose  total  jet  power  is  equal  to  that  of  the  ejector's  jets. 
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This  parameter  is  defined  as 


Total  Ejector  Thrust 


Thrust  of  a  free  jet  having  Epp  ®  E^  and  a^p  »  a 


(9) 


The  test  results  measured  experimentally  with  various 
C/JFD  Ejector  configurations  are  discussed  below  and 
compared  with  theoretically  derived  performance  in  terms 
of  the  three  performance  parameters  described  above. 

2.  PERFORMANCE 


Initial  testing  of  the  Coanda/JFD  Ejector  with 
conventionally  designed  solid  diffusers  and  a  slotted 
Coanda  inlet  (developed  and  optimized  for  use  in  a  solid 
diffuser  ejector ),  (Reference  1),  demonstrated  a  serious 
interference  between  the  diffuser  boundary  layer  and  the 
jet  flap  diffuser.  This  interference  appeared  to  be  of 
more  serious  consequence  as  a  result  of  the  presence  of  the 
low  energy  air  induced  through  the  inlet  slots.  In  that 
configuration,  the  performance  of  the  device,  departed 
seriously  from  the  theoretical,  as  indicated  by  the  results 
of  testing  reported  in  Reference  2. 

Further  testing,  with  systematic  sealing  of  the 
inlet  slots,  and  with  short,  wide  angle,  diffusers,  which 
appeared  to  perform  satisfactorily,  as  a  result  of  the 
interaction  with  the  jet  flap,  is  reported  in  this  document. 

Using  a  basic  configuration  illustrated  schematically 
on  Figure  3,  and  with  various  slots  sealed,  the  overall 
performance  was  measured  and  the  results  in  terms  of  0  ,  Jl* 
and  0  and  compared  to  the  theory,  as  described  below. 

r 

a.  Effects  of  Inlet  Slots 


As  indicated  by  the  dashed  line  on  Figure  3,  sealing 
Slot  #4  produced  a  solid  diffuser  having  an  area  ratio  of  1.12, 
and  a  half  angle  of  7.12  degrees.  With  this  configuration, 
the  perforsnance  was  measured,  over  a  rrange  of  flap  angles 
and  with  systematic  sealing  of  the  slots.  Results  of 
these  tests  at  s/a  ®  3.0  are  illustrated  on  Figures  5,6,  and  7. 

Figure  5,  with  ft  «  30  degrees,  illustrates  the  performance 
improvement  resulting  from  sealing  Slot  §4, compared  to  the 
performance  with  all  slots  open.  Sealing  this  slot, 
produced  performance  gains  of  approximately  15%.  Sealing 
Slots  #2  and  3  produced  v?*ry  little  additional  change,  over 
most  of  the  range  of  jet  flap  power  ratio. 
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Sealing  of  the  inlet  slots  produced  noticeable 
improvement  in  the  steadiness  of  the  flow.  This  was  an 
indication  of  the  ability  of  the  flow  to  remain  attached 
to  the  solid  diffuser  and  to  the  jet  flap. 

Increasing  the  jet  flap  angle  to  40  degrees  produced 
only  slight  gains  of  performance,  and  required  increased 
jet  flap  power  to  achieve  maximum  performance,  as  illus¬ 
trated  on  Figure  6.  Further  increase  of  the  flap  angle 
caused  the  flow  to  become  unsteady,  and  produced  no  further 
performance  improvement.  The  performance  at^?  =  50  degrees, 
is  also  illustrated  on  Figure  6. 

For  completeness,  the  performance  of  this  configuration 
with  the  flap  set  at  20  degrees  has  been  measured  and  the 
results  presented  on  Figure  7.  The  maximum  values  of  0  , 

0  and .A.,  are  smaller  than  those  at  *30,  40,  and  50  a 
degrees,  as  expected,  but  with  slots  2,  3,  and  4  sealed 
the  flow  became  extremely  steady  at^»  20  degrees. 

The  influence  of  the  inlet  slots  with  s/a  *  1.0,  is 
illustrated  on  Figure  8.  Comparison  of  performance  with 
all  slots  open  and  all  slots  sealed,  indicated  gains 
of  15%  to  20%  in  the  value  of  the  performance  parameters 
as  a  result  of  sealing  the  slots. 

b.  Effect  of  Solid  Diffusion 

The  effect  of  further  increase  of  the  diffuser  half 
angle  was  determined  by  increasing  this  angle  to  12  degrees 
and  testing  the  configuration  with  all  slots  sealed,  and 
with  only  Slot  81  sealed.  The  results  of  these  measurements 
are  presented  on  Figure  9. 

As  indicated,  the  performance  at  small  values  of  E  is 
very  close  to  theoretical,  as  E  increases  however,  the 
power  of  the  diffuser  jet  at  first  appears  ineffective 
causing  a  decrease  in  the  value  of  each  parameter.  This 
appears  to  be  due  to  the  fact  that  there  is  insufficient 
diffuser  jet  power  to  overcome  separation  from  the  flap 
resulting  from  its  adverse  pressure  gradient.  However, 
as  E  is  increased  above  approximately  5%,  the  performance 
parameters  increase  with  increasing  values  of  E.  At  about 
E  *  0.20,  the  measured  performance  becomes  very  close  to  the 
theoretical,  indicating  that  the  diffuser  jet  has  sufficient 
power  to  overcome  its  adverse  pressure  gradient  and  to  remain 
attached  to  the  jet  flap,  at  angles  up  to  30  degrees. 
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Figure  5.  Coanda/JFO  Ejector  Performance 
A/a«16  s/a-3.0  p  -30  degrees  ST»«?„ol2 
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Figure  6.  Coanda/JFD  Ejector  Performance 
A/a»16  s/a=*3.0  /$  *40  6  50  deg.  <o*»1.12 
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Figure  7.  Coanda/JFD  Ejector  Performance 
A/a*16  s/a»3,0  y(3»20  degrees  C-1.12 
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SECTION  VI 


DISCUSSION 


1.  PERFORMANCE 

The  performance  of  the  Coanda/JFD  Ejector  has  been 
determined  experimentally,  and  the  information  has  been 
compared  with  theory,  and  presented  in  terms  of  0  ,  0 
and A,  as  functions  of  the  jet  flap  power  ratio  in  Section  V. 

Since  these  parameters  are  somewhat  unconventional 
for  the  description  of  ejector  performance,  a  brief 
discussion  of  the  significance  of  these  parameters,  and 
their  relationship  to  the  thrust:  augmentation  parameter  0, 
used  for  the  description  of  the  performance  of  solid 
diffuser  ejectors,  appears  to  be  appropriate. 

High  performance  solid  diffuser  ejectors  derive 
approximately  15%  to  20%  of  their  thrust  as  a  result  of 
increased  mass  flow  (and  therefore  increased  thrust) , 
through  their  primary  nozzle,  due  to  the  presence  of  the 
ejector  shroud. 

The  increased  mass  flow  through  the  primary  nozzle 
requires  increased  power  to  drive  the  primary  jet  at  the 
same  stagnation  pressu.ee>.  This  requirement  for  additional 
power  is  seldom  discussed  in  the  literature. 

Although  the  Coanda/JFD  Ejector  requires  this 
additional  power  only  for  the  jet  flap  nozzle,  it  is 
accounted  for  in  the  definition  of  the  parameters  £1 ,  0  ,  &  0m 
Thus  these  parameters  represent  a  more  accurate  description 
of  the  ejector  performance  than  can  be  obtained  from  a 
knowledge  of  the  conventional  parameter  0,  commonly  used 
to  describe  the  performance  of  solid  diffuser  ejectors. 

a.  Physical  Interpretation  of  Performance  Parameters 
(1)  Thrust  Augmentation  at  fixed  area  (0  ) 

r 

The  quantity  0  is  the  ratio  of  total  ejector 
thrust  to  the  thrust  of  a  reference  free  jet  having  the 
same  nozzle  exit  area  as  the  ejector's  primary  jet  and 
the  same  power  requirement  as  that  of  all  ejector's  jets. 

The  variation  of  0  with  E  (as  illustrated  on 
Figures  5-9)  is  an  indication  of  the  relative  merits  of 
the  application  of  power  to  the  ejectors  diffuser  jet 
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compared  to  the  application  of  the  same  percentage  of 
power  increment  to  the  free  jet  without  change  of  its 
nozzle  exit  area. 

An  increase  of  0  with  increasing  E,  is  indicative 
of  the  fact  that  the  power  applied  to  the  diffuser  jet 
provides  a  greater  increase  of  total  ejector  thrust 
than  would  occur  if  the  same  percentage  of  power  were 
applied  to  the  free  jet  at  fixed  geometry. 

Increases  of  0  of  as  much  as  30%  are  indicated 
on  Figures  5-9  for  dirfuser  jet  power  of  approximately 
40%  of  the  total  power,  A?s  indicated  above  this  implies 
a  superiority  in  achievement  of  thrust  by  the  application 
of  power,  for  the  C/JFD  Ejector  compared  to  a  free  jet 
at  fixed  nozzle  exit  area. 

(2)  Thrust  augmentation  at  fixed  mass  flow  (0^) 


The  quantity  0  is  the  ratio  of  total  ejector 
thrust  to  the  thrust  of  a  reference  free  jet  having  the 
same  mass  flow  and  power  requirement  as  those  of  the 
ejector's  jets. 

Since  the  reference  free  jet  utilized  in  evalu¬ 
ating  0  has  a  nozzle  exit  area  whose  relationship  to 
the  nozzle  exit  areas  of  the  ejector's  jets  changes  with 
E  (See  Appendix  I) ,  it  cannot  be  utilized  to  evaluate 
the  merits  of  changes  in  the  diffuser  jet  power  E,  in 
the  manner  suggested  for  0p. 

It  is  very  useful  however  in  comparison,  at  any 
given  value  of  E,  of  the  ejector's  thrust  with  the  thrust 
of  a  reference  jet  having  the  same  mass  flow  and  power 
requirement  as  the  ejector.  It  is  important  however, 
in  making  this  comparison,  to  establish  the  proper 
relationship  between  the  stagnation  pressure  of  the 
reference  free  jet  (PoRm)  and  the  stagnation  pressures 
of  the  ejector's  jets°iF  .  and  PA,)  as  indicated  in 
Appendix  I.  01  Ui! 

Variation  of  0  with  E  is  very  small  as  indicated 
by  both  theory  and  experiment  on  Figures  5-9.  As 
discussed  above,  this  fact  has  very  little  physical 
significance  since  the  reference  jet  has  a  nozzle  exit 

area  a-^  which  varies  with  E. 

Rm 

As  indicated  on  Figure  9,  the  C/JFD  Ejector  can 
provide  thrust  augmentation  of  approximately  1.5, 
compared  to  a  free  jet  having  the  same  mass  flow  and 
power  requirement,  with  a  very  small  area  ratio  solid 
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diffuser  (  S  =  1.3)  and  a  ratio  of  minimum  ejector  ejector 
cross  section  to  driving  jet  cross  section  (A/(a+  s))of  4.0. 

(3)  Optimization  parameter  (fl) 

Tne  quantityri  is  a  dimensionless  parameter,  related 
to  the  thrust/power  ratio.  It  is  made  dimensionless  by 
multiplication  of  the  thrust/power  by  the  average  primary 
jet  velocity 

This  parameter  does  not  involve  a  comparison  with 
a  reference  jet,  as  do  the  various  thrust  augmentation 
parameters  used  for  the  description  of  performance  of 
conventional  ejectors. 

Ejectors  with  more  than  one  driving  jet  having 
different  stagnation  properties  cannot  be  easily  compared 
to  a  single  free  jet;  however,  using JTl,  it  is  possible  to 
evaluate  the  ejectors  performance  over  a  range  of  variables 
and  to  select  the  optimal  conditions  as  those  which  produce 
a  maximum  value  ofi\. 


Comparison  of  the  C/JPD  Ejector's  performance  with 
that  of  a  conventional,  single  driving  jet,  ejector 
can  be  easily  accomplished  since  the  Jflof  the  conventional 
ejector  is  related  to  the  conventional  thrust  augmentation 
as  follows,  since 


0  « 


(10) 


<*> 


for  a  conventional  ejector  in  which  F-^  is  the  thrust  of 
a  reference  jet  having  the  samo  mass  rTow  and  power  as 
the  ejector,  and 


(F  /F.)  VH 

^  “  e3wt~  - - -  <VF1>  (1  -  B>  <n> 


for  a  C/JFD  Ejector. 

Therefore,  for  a  conventional  ejector  in  which 
E  =  0,  and  Px  - 


jfL  8  2  0  (Conventional  ejector)  (12) 

It  is  also  interesting  to  note  that  for  a  free  jet 


JX 


2.0  (free  jet) 


(13) 
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In  view  of  the  simplicity  of  fch®  parameter  fl  for 
purposes  of 

a)  Optimization 

b)  Comparison  with  other  ejector  systems 

c)  Design  applications 

it  appears  to  be  a  universally  applicable  parameter  which 
can  be  easily  evaluated  for  any  geometrical  or  thermo¬ 
dynamic  configuration,  and  is  independent  of  the  choice 
of  reference  jet  properties. 

On  the  basis  of  PL,  it  can  be  observed  on  Figure  9, 
that  the  C/JFD  Ejector  has  achieved  a  thrust  of  almost 
twice  that  achievable  by  a  free  jet  with  the  same  power, 
despite  the  fact  that  in  that  particular  configuration  it 
has  a  small  diffuser  area  ratio  (  S  »  1.3)  and  a  ratio  of 
ejector  minimum  cross  section/total  nozzle  exit  area,  of  only  4.0. 

2.  COMPARISON  OF  C/JFD  EJECTOR  WITH  CONVENTIONAL  EJECTORS 

A  comparison  of  the  performance  of  the  C/JFD  Ejector 
with  that  of  several  conventional,  high  performance  ejectors 
on  the  basis  of  XI  is  presented  in  Table  II. 


TABLE  II 

COMPARISON  OF  EJECTOR  CHARACTERISTICS 


Ejector 

Inlet 

Area 

Ratio 

Diffuser 

Area 

Ratio 

Length 

Ratio 

(2) 

JTl 

C/JFD 

(1) 

4.0 

1.3 

3.0 

3.94 *3) 

Fancher  (Ref. 3) 

19.0 

1.9 

5.1 

3.56 

Drummond  (Ref. 4) 

19.0 

1.5 

7.0 

2.60 

Scott  (Ref. 5) 

21.5 

2.0 

7.0 

3.12 

(1)  Minimum  Channel  area/total  jet  exit  areas 

(2)  Overall  length/minimum  channel  width 

(3)  E  »  0.161,  ^  «  30  deg.  (Run  343) 

25 


Using  the  theory  of  Ref.  2  which  produces  good 
agreement  with  experiment,  as  illustrated  on  Figures  5-9, 
the  value  of  -Tu  increases  by  approximately  12%  for^an 
increase  in  the  C/JFD  solid  diffuser  area  ratio  (  '6  ) 
from  1.3  (as  in  the  above  table)  to  £  =1,9.  This  would 
indicate  that  at  §  =  1.9,  the  C/JFD  Ejector  would  produce 
-A.  »  4.41,  at  the  same  inlet  area  ratio  (A/ (a  +  s)  “4.0). 
This  represents  a  considerable  advantage  in  performance 
over  the  best  solid  diffuser  ejector  reported  to  date  with 
a  geometrical  advantage  requiring  only  approximately  25% 
of  the  volume  of  the  solid  diffuser  ejector. 

3.  C/JFD  EJECTOR  AS  A  CONTROL  DEVICE 

The  jet  flap  diffuser  provides  a  mechanism  which 
can  be  utilized  for  control  of  the  magnitude  and  direction 
of  the  thrust  ejector. 

a.  Thrust  Vectoring 

Although  detailed  measurements  were  not  made  during 
the  experiments  reported  in  this  document,  it  was  observed, 
that  the  entire  efflux  from  the  ejector  could  be  easily 
controlled  directionally,  by  simple  opening  or  closing 
of  the  valve  in  either  supply  leg  to  the  diffuser  jets. 

In  addition,  thrust  vectoring  could  also  be  achieved  by 
differential  operation  of  the  small  flaps  used  to  control 
the  diffuser  jet  angle  . 

b.  Thrust  Magnitude  Control 

The  magnitude  of  the  thrust  vector  achievable  by  a 
jet  flap  diffuser  ejector  is  controllable  by  two  methods. 

(1)  Power  Increment  Response 

The  application  of  additional  power  to  the  diffuser 
jet  causes  large  changes  inPL.  As  illustrated  on  Figure  9, 
S\~  increases  with  increasing  values  of  E,  up  to  E  =  0.18. 
Thus  it  is  apparent  that  the  application  of  additional  power 
in  this  region  will  produce  thrust  increases  larger  chan 
those  achievable  from  a  free  jet  or  from  a  conventional 
ejector  whose JTL or  0  is  independent  of  power  level. 

(2)  Flap  Angle  Response 

Control  of  the  magnitude  of  the  thrust  vector  can 
be  achieved  by  symmetrical  changes  in  the  jet  flap  angle 
For  example,  comparison  of  Figures  5  and  7  illustrate  an 
increase  in  thrust  of  approximately  20%  as  a  result  of  a 
change  of  10  degrees  in  A  ,  with  fixed  pQwer. 
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SECTION  VII 


CONCLUSIONS 

The  Coanda/Jet  Flap  Diffuser  Ejector,  occupying 
approximately  twenty  five  percent  of  the  volume  of  the 
solid  diffuser  ejector  reported  in  Reference  3,  has 
demonstrated  experimentally  that  it  can  deliver  ten 
■percent  more  thrust  per  horsepower  than  the  solid  diffuser 
ejector,  despite  the  fact  that  the  C/JFD  Ejector  had  smaller 
inlet  and  diffuser  area  ratios  than  those  of  the  solid 
diffuser  device  to  which  it  was  compared. 

Extrapolation  of  the  performance,  to  a  configuration 
having  comparable  diffuser  area  ratios,  but  with  the  same 
disadvantage  to  the  C/JFD  Ejector  in  terms  of  the  inlet 
area  ratio,  indicated  a  twenty  five  percent  advantage  in 
thrust  per  horsepower  for  the  C/JFD  Ejector  over  the  solid 
diffuser  ejector. 

The  use  of  jet  flap  diffusion  also  demonstrated  a 
unique  capability  for  production  of  large  control  forces 
and  for  vectoring  of  those  control  forces  by  means  of 
symmetrical  or  asymmetrical  movement  of  the  jet  flaps. 

The  C/JFD  Ejector  also  demonstrated  the  capability 
to  produce  control  forces  in  response  to  incremental 
power  which  was  considerably  in  excess  of  those  available 
from  conventional  ejectors  or  from  free  jets. 


APPENDIX  I 


DETERMINATION  OP  EJECTOR  PERFORMANCE 


Appendix  I 

Determination  of  Ejector  Performance 
1.  Experimental  Measurements 

The  determination  of  the  values  of  the  performance 
parameters  J\  ,  0  ,  and  0  from  the  experimental  data  is 
complicated  by  the  fact  that  the  ejector  is  two  dimensional 
and  each  jet  (primary  and  diffuser)  is  comprised  of  two 
elements,  one  on  each  side  of  the  plane  of  symmetry. 

As  a  result  of  the  lack  of  exact  symmetry  due  to 
manufacturing  tolerances,  it  was  necessary  to  adjust  the 
thermodynamic  properties  in  a  manner  which  created  slightly 
different  values  of  the  stagnation  pressure  and  mass  flow 
between  the  right  and  left  side  of  each  set  of  nozzles  to 
produce  a  symmetrical  efflux. 

These  differences  created  some  complexity  in  deter¬ 
mination  of  the  velocities  V. .  and  v2.,  for  use  in  evalu¬ 
ation  of  each  of  the  performance  parameters.  The  technique 
used  is  described  belov;  in  detail. 

The  measurements  made  during  the  experiment  included 
the  following,  for  each  test  set  up.  (See  Fig.  4  ) 

a.  Stagnation  temperature  (Tq) 

b.  Atmospheric  pressure  and  temperature  (p^  ,  T» ) 

c.  Orifice  pressure  drops  ( AP1L,  AP1R,  AP2L,  AP2r) 

d.  Nozzl8  plenum  pressures  P01R'  Po2Lf  Po2R^ 

e.  Static  pressure  at  diffuser  jet  (Pch  ) 

f.  Total  thrust  (FT) 
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2.  NOZZLE  PERFORMANCE 


The  mass  flow  through  each  nozzle  was  then  cal¬ 
culated  from  its  orifice  pressure  drop,  using  the  cali¬ 
bration  constants  as  described  in  Section  XV,  Eg.  2. 


The  average  jet  velocities  V..L,  V.  V,.-,  V,,.^ 
were  then  determined  for  each  nozzle,  using  tfie^measured 
stagnation  temperature  and  pressure  and  the  appropriate 
nozzle  efficiency  as  described  in  Section  IV,  Eg.  4, 


Using  these  values  of  mass  flow  and  velocity  for 
each  of  the  four  nozzles,  the  values  of  the  power  re¬ 
quired  to  drive  each  nozzle  was  determined  as  follows. 


Since  the  primary  nozzles  exhausted  into  a  virtually 
undisturbed  region,  the  pressure  at  these  nozzle  exits 
was  taken  to  be  P  .  Therefore 


E1X,  -  V* 

"1L  V1L2 

(14) 

E1X  "  i/2 

"lR  V1R 

(15) 

and 

E1  -Ett 

+  E1R 

(16) 

the  thrust  of 

each  primary 

nozzle  is; 

P1L  *  “it. 

vil 

(17) 

P1R  *  "1R 

V1R 

(18) 

and 

P1  -P1L 

+  P1R 

(19) 

The  average  primary  jet  velocity  was  then  determined 
from  the  relationship 


2  (E1L  +  E1R  1 
mlL  +  mIR 


(20) 


and  the  primary  jet  mass  flow  is, 

ral  13  mlL  +  roXR 


(21) 
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The  power  required  to  drive 
which  exhaust  into  a  region  having 
below  ambient  is, 

the  diffuser  jets 
a  pressure  somewhat 

E2L  "  1/2  m2L  V2L*> 

(22) 

E2R  “  1/f2  m2R  V2RO0 

(23) 

and 

E2  "  E2L  +  E2R 

(24) 

where 


^au(fO 


sj 


/  i  -  (Wp, 


o2U(R) 


) 


u-O/x' 


i  -  ( fa> /fozL(e^) 


(*-»>// 


and  the  thrust  of  each  diffuser  jet  is 


(25) 


F2L 

“  m2L  V2jL 

(26) 

P2R 

m2R  V2jR 

(27) 

and 

P2 

X?  XT? 

*  F2L  F2R 

(28) 

The  average  diffuser  jet  velocity  was  then  deter¬ 
mined  from  the  relationship; 


2  j 


2  (E2L  +  E2R> 


m2L  +  m2R 


(29) 


and  the  diffuser  jet  mass  flow  is 


m2  “  m2L  +  m2R 


(30) 
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3.  PERFORMANCE  PARAMETERS 

Using  these  average  values  for  E. ,  E2,  F, ,  F-  and 
m.  and  m9,  the  performance  parameters1were  determined  as 
follows : * 

A.  Optimization  parameter  (fl) 

The  value  ofjCLis  determined  from  its  definition 
(Eq.  6)  using  the  total  thrust  which  was  measured  by  a 
wake  survey  as  described  in  Section  IV,  the  primary  jet 
exit  velocity  and  the  total  power  E,  where 


E1  +  E2 


(  31) 


thus 


J\  *  • 


ft  XV11 

F.„ 


b.  Fixed  mass  flow  thrust  augmentation^^  ) 


(32) 


To  evaluate  this  parameter  it  is  necessary  to 
determine  the  thrust  (F^)  of  a  free  jet  having 


•  “am  “  ml  +  m2 

(33) 

and 

E  «  E,  +  E0 

Rm  1  2 

(34) 

Since  the  reference  jet  is  a  free  jet  (expanding 
from  its  stagnation  pressure  P  to  the  ambient  pressure  P**  , 
its  effective  velocity  is 


(35) 


and  therefore  its  thrust  is 


Fto  V2!W  *Sm  “AA  +  E2>  <*1  *  A2> 


and  the  augmentation  parameter  0m  is 

0 

m  FRm 


(36) 

(37) 
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The  value  of  0  obtained  in  the  avove  manner  pro¬ 
vides  information  which  relates  the  ejector’s  thrust  to  the 
thrust  of  a  free  jet  gas  generator  having  a  mass  flow 
and  total  jet  power  equal  to  those  of  the  ejector’s  jets. 
However#  in  the  general  case#  in  which  P  ,  f  P  «#  the 
stagnation  pressure  and  the  jet  area  of  tne  reference 
jet  both  vary  in  relation  to  the  ejector  jets  as  the 
diffuser  jet  power  ratio  E  changes.  These  relationships 
can  be  expressed  as  follows: 


(38) 


and 


where  m  =  m2/(m1  +  m2) 


\  -  E 


!  ll-M}’ 

in  the  above  equations. 


(39) 


These  relationships  imply  that  while  0  is  an 
excellent  indicator  of  thrust  augmentation  available 
from  a  particular  ejector  geometry  at  any  given  operating  condition 
(fixed  E  and  m) ,  it  is  not  useful  as  an  optimization  parameters 
since  the  reference  jet  is  in  effect  a  "rubber"  engine#  in  both 
the  geometric  and  thermodynamic  sense.  If  however#  the  ejectors 
jets  are  all  supplied  from  a  common  source#  the  parameter  0 
can  then  be  used  to  relate  the  ejectors  thrust  to  that  of  tne 
gas  generator  having  a  fixed  stagnation  pressure  (independent 
of  E  and  m)  and  is  "rubber"  only  in  the  geometric  sense. 


In  this  case  since 


Pol  *  Po2  “  PoRm  (40) 

the  ejectors  nozzles  are  designed  with  areas  related  to  the 
nozzle  areas  of  the  reference  jet  as  follows: 


aRn/a  =  (  5 1  vlj/  3  Rm  V1  (41) 


and  within  the  approximation  that  all  densities  are  equal 
this  can  be  simplified  to 


aRi/a  "  "WS 


(42) 
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and  since1  s/a  is  chosen  on  the  basis  of  other  ejector  and 
vehicle  design  considerations,  the  distribution  of  the 
mass  flow  from  the  gas  generator  between  the  primary  and 
the  diffuser  jet  is  easily  determined,  since 

aRm  =  a  +  3  <«> 

for  this  case  in  which  P  -  =  P  ,.  =  P  _ 

01  02  oRm 


c.  Fixed  nozzle  area  thrust  augmentation  (0  ) 

IT 

Since  in  the  general  case  in  which  P  ,  /  P  ?, 
the  relationship  among  the  nozzle  exit  areas^of  tne 
ejector  and  the  reference  jet  is  complex  and  varies  with 
the  parameters  E(  =  E2/E.,  +  E-)  and  m(  =  m?/m,  +  m2) ,  a 
third  parameter  0  ,  having  a  fixed  reference  jet  exit 
area  (aRp)  and  reference  jet  power  (ERp)  equal  to  that 
of  all  ejector  jets,  was  used  to  describe  the  relative 
performance  of  the  ejector.  In  this  case  the  reference 
jet  is  related  to  the  ejector  jets  as  follows 


"RP 


=  a 


ERP  =  E1  +  E2 


(44) 

(45) 


From  these  relationships,  the  thrust  of  the  ejector 
F,_,  can  be  expressed  in  terms  of  the  thrust  of  the  reference 
jet  as 


FT 

Gj  S3  — 

*P  F 


RP 


Ft/Fi  2/3 

■  -(K  >9^73"  0  (1'E) 


(46) 


where 


0 


VP1 


(47) 


The  parameter  0prelates  the  ejector  thrust  to  the 
thrust  of  a  fixed  nozzle  gas  generator,  and  therefore 
is  more  convenient  than  0  for  design  purposes.  Th^ 
reference  jet  utilized  toaefine  this  parameter  (0  )  must 
have  a  single  stagnation  pressure  different  from  p 
either  of  the  ejectors  jets,  as  in  the  case  of  0  ,  or  as 
would  be  required  for  any  performance  parameter  using 
a  single  reference  jet  for  comparative  purposes.  In  this 
case,  the  stagnation  pressure  of  the  reference  jet  is  rela¬ 
ted  to  the  stagnation  pressure  of  the  ejectors  primary 
jet  as  follows. 

*  JL. 
*-! 


l£l 


2/3 


(1-E) 


C1- 


(p 


oo 


/FqP.P*  *  ** 


(48) 
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Thus  the  relationship  among  the  stagnation  pressure 
of  the  reference  jet  and  the  ejector  jets  is  dependent 
upon  the  power  supplied  to  the  diffuser  jet,  as  in  the 
case  of  the  reference  jet  used  to  define  0  ,  but  this 
reference  jet  is  "rubber*  only  in  the  thermodynamic  sense 
since  its  geometry  is  fixed  by  the  relationship  of  Eq.  1-32. 
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APPENDIX 


II 


TEST  DATA 
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The  thrusts,  mass  flows  and  performance  parameters, 
derived  by  the  methods  described  in  Appendix  I,  using  the 
data  presented  in  Appendix  XI,  are  presented  in  tabular 
form.  The  symbols  and  units  used  in  this  appendix  are 
as  follows. 

Fpri  -  Primary1  jet  thrust  (lbs.) 

Fjfd  -  Jet  flap  thrust  (lbs.) 

m^  -  Primary  jet  mass  flow  (slugs/sec.) 

m2  -  Diffuser  jet  mass  flow  (slugs/sec.) 

E  -  Diffuser  jet  power  ratio  ^/(E^  +  E2 ) ) 

R  -  Right  side  of  ejector 
L  -  Left  side  of  ejector 
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